La patologia osteoarticolare, con particolare riguardo a quella di tipo erosivo, nel Pleistocene: studio di un campione di reperti paleopatologici provenienti dalla Natural Trap Cave (Wyoming, USA)
INTRODUCTION

T
he search for the antiquity of erosive arthritis was the subject of an international conference (1) . Although isolated examples have been reported from the anthropologic record (2, 3) , systemic population studies have represented a newer approach (4) . Recognition of erosive disease, osteoarthritis and DISH, as isolated observations, does not allow perspective with respect to popu- lation significance. Such perspective requires unbiased population sampling. Such an opportunity became available with the discovery of a late Pleistocene Natural Trap Cave in north-central Wyoming. The cave is an 85 foot deep bell-shaped depression occurring at an altitude of about 1,500 meters on a plateau (Little Mountain) in the bighorn Mountains, northeast of Lovell, Wyoming. The cave entrance (measuring 4 by 5 meters) is located on a game trail and is not visible until the edge is reached (Fig. 1, a-b) (5) . Therefore, relatively unbiased sampling is available with respect to herds, packs and individuals utilizing that trail. The distance of the fall (28 meters) and lack of an alternative cave exit precluded escape or survival, and there is no convincing evidence that any Reumatismo, 2003; 55(1) : [58] [59] [60] [61] [62] [63] [64] [65] larger animal survived the fall. The inaccessibility of the cave base (without special equipment) precluded or minimized human and animal disturbance of the remains. Deposits, ranging in age from the recent to over 110,000 years ago, are present (Tab. I).
RIASSUNTO
Nel presente studio vengono riportati i rilievi paleopatologici, con particolare riguardo alla presenza di artrite erosiva, di osteoartrosi, di DISH , nonché ai segni di danno della dentizione, relativi ad un'ampia popolazione di mammiferi, i cui resti (più di 30.000 ossa di 24 specie diverse) sono stati ritrovati nella Natural
MATERIALS AND METHODS
The fossil fauna excavated from Natural Trap Cave (Table I) were subjected to systemic examination for the presence of bone pathology. To assess the reproducibility of the paleo-epidemiology of erosive disease, two additional sites were examined. The Twelve Mile Creek site, dated at 10,435±260 years before present (6), represents a kill site wherein at least 10 Bison antiquus were stampeded over the edge of a ravine. Specimens from the Intrastate Bison Site of Wisconsin, a late Pleistocene or early Holocene bog site (Milwaukee Public Museum) (7), were also examined. The University of Kansas contemporary mammalian collection was also reviewed for evidence of erosive disease in Bison. All post-cranial bones were examined for disruption of articular surfaces and bone reaction along diaphyses. Osteoarthritis was recognized on the basis of diarthrodial joint osteophytes (8) (9) (10) . Diffuse idiopathic skeletal hyperostosis (DISH) was recognized on the basis of ossification of longitudinal ligaments of the spine (4, (11) (12) (13) (14) .
RESULTS
Erosive disease was limited in distribution in the Natural Trap Cave fauna to three genera recovered from the 17,000 to 20,000 year level: Bison sp. . Radiologic examination revealed perierosive osteopenia, but no reactive sclerosis. Pathologic examination of cross-sections of eroded areas confirmed the radiologic findings. Reactive bone formation and peri-lesional sclerosis were notable by their absence. Osteoarthritis (OA) was found in Gulo, Micracinonyx, Equus, Ovis, and Bison. A minimum of four wolverines, Gulo gulo, were represented by six femoral heads of which one (17%) manifested osteophytes of osteoarthritis. Among minimum number of twenty wolves, Canis lupus, show one occurrence in thirty-five phalanges (0.3%). Among minimum number of ten American cheetahs, Micracinonyx trumani, was one occurrence of osteoarthritis in 18 humeri (6%). The American Lion, Short-faced Bear and Noble marten were free of osteoarthritis. In general, carnivores are rarely affected. The ungulates had a much higher incidence of osteoarthritis. The horses varied in weight from two to three hundred kilograms. A minimum of seventy-six individuals are represented. Osteoarthritis was found in six of eighty-eight radioulnae (7%); eight of one hundred and nine ectocuneiforms (7%); ten of eighty-one humeri (11%); eight of sixty-two femoral heads (13%); three of eighty-three pelvi (4%); and one calcaneum of one hundred forty-two (0.7%). The Pleistocene bighorn sheep, Ovis canadensis catclawensis, had three occurrences in eighty animals (4%). The highest incidence was in the Pleistocene bison, Bison antiquus, with one in four humeri (25%), two in four distal femora (50%), three in six metatarsals (50%), one in three astragalae (33%), two in nine calcaneae (22%), four in twenty-one phalanges (19%), and two in eight tibiae (25%). The sample size for bison (6) and for the woodland muskox (4) is about the same. They are similar in size and body proportions, so the relatively high occurrence in Bison and not in Bootherium or the equally large American camel, Camelops, suggests that size alone is not the only factor. Although mammoths are represented by at least three individuals, virtually no postcranial elements have been recovered. Some behavior or other attribute of Bison must predispose it to joint disease. DISH was observed in four taxa: Equus, Bison, Gulo, and Miracinonyx, but only as single examples in each. One Panthera atrox skull and lower jaw, KUVP 31417, manifested a high level of flat wear on the canines. The incisors were worn flat almost to the alveolae. It seems likely that this is the result of scavenging meat and connective tissue from carcasses and manipulation of bone in the mouth. A left femur, tibia and fibula, KUVP 33057, were probably part of this same individual. The medial condyle of the left femur and the matching medial condyle of the tibia were highly eburnated, where the medial meniscus was worn through (Fig.  3) . Extensive exostoses were visible around the joint margin on both bones. Similar tooth wear to KUVP 31417 was common in canids and ubiquitous in the Natural Trap Cave wolf sample. Canids are known to make better use of carcasses than do cats. The occurrence of the canid type of wear on the lion's teeth indicated that the individual was considerably disabled (15) and reduced to scavenging. Scavengers also showed tooth breakage due to errors in handling bones. This was especially clear in specimens where bones have wedged across the mouth and broken teeth on both sides of the jaw. The wolverine, Gulo gulo, is a known scavenger. Its teeth manifested the typical flat-topped wear associated with animals that manipulate bones. In two instances out of four individuals, errors in bone manipulation resulted in tooth breakage. In both cases, the alveolae for the missing teeth healed. Breakage appeared due to the wedging of a long bone (or bone splinter) across the mouth at a high angle. In KUVP 51285 (Fig. 4) the right carnassial was missing, as were all the upper incisors except right I(3), indicating that a bone had been wedged between the right I(3) and the left canine. In KUVP 48116, a mandible, the left P(4) is missing as is right P(2), indicating a bone wedged between the right canine and P(3) and then extended across to between the left P(3) and M(l). The canines and incisors of this individual were worn flat and scavenging must have been its normal lifestyle. Fragments of the broken roots remained for KU-VP 51285, the right P(4) and for KUVP 48116, the right P(2) and left P(4). The alveolae were closed over by reparative bone. It seemed likely that pe- 
DISCUSSION
Erosive disease
Erosive disease, undermining the articular surface is characteristic of chronic granulomatous infections (4, 11) (Table II) . These include tuberculosis, brucellosis and fungal disease (4, 11, (16) (17) (18) (19) (20) . The predominantly monoarticular nature of the articular involvement noted in the fossil record is rare in human patients with forms of erosive arthritis (4, 11) . The three affected genera appear especially at risk, whether by genetics or habitat. Habitat as a risk factor is well recognized in man. Erosive disease in Natural Trap Cave was restricted to bovids, although the available sample size was much larger for horses and was as large for antilocaprids, as it was for either bison or muskox. This suggested that, whatever the cause of the disease, bovids are more susceptible to it. It was twice as common in muskox and bison as it is in the bighorn sheep, suggesting that some behavioral or habitat difference may be affecting its spread. It seems to be restricted to the feet (metacarpals). In terms of habitat preference, Bootherium finds are more restricted to forested areas than are those of Bison and are more commonly associated with bogs and marshy ground. The bighorn sheep would be more restricted to drier and open environments and would in that way more closely resemble the antilocaprid and the horses. On the basis of phylogenetic susceptibility, likely organisms can be suggested. Among the phycomycetes, for example Absidia, Mucor, Mortierella, Rhinosporidum and Rhizopus predominantly affect cattle; Basidiobolus, Entomorphtora, Hyphomyces, and Rhinosporidium, horses; Rhizopus, swine; Entomorphthora, primates; and Rhinosporidium, dogs and fowl (18) .
Bison infection has been specifically reported for Mycobacterium sp. and Brucella abortus (18, 20) . Review of Table II indicates known patterns of infection in contemporary relatives of the genera represented in Natural Trap Cave. Consideration that the affected genera were major food sources for American Indians leads to conjecture as to what diseases present in that group could explain the noted pathology and could the expression of disease in man be related to his food sources. Could endemic tuberculosis in American Indians reflect such a phenomena (21) (25, 32) , and Group IV (rapid growing) organisms such as M. terrae (33) and M. fortuitum (29) . Brucellosis classically produces such erosions (34) , as well especially noted in the pre-antibiotic era (17, 35) . Fifty-one percent of brucellosis infections in the United States are related to Brucella suis, 11% to B. melitensis, 21% to B. abortus, and 3% to B. canis (36) . Isolatable from legumes (20) , contamination during foraging is quite possible. At present, 1.9% of human brucellosis cases are related to wild animal (deer, caribou, feral swine) contact (37) . This may underestimate the frequency of brucellosis contact, as positive skin tests for brucellosis were found in 9% of school children and 19.5% of adults from diverse areas as Kansas City and Minnesota, in a 1938 study (37 (46) . The next step, represented by this manuscript, was to identify its paleoepidemiology. Tuberculosis was a bovid disease in the Pleistocene.
Teeth
Bone manipulation resulted in tooth damage to two wolverines, and coupled with the flat teeth wear, was indicative of the important scavenging role of this genus. Carnivores were over-represented in Natural Trap Cave. This may be in part due to its acting as a baited trap, that would tend to concentrate carnivores, especially scavengers.
SUMMARY
Population data are presented for erosive arthritis, osteoarthritis, diffuse idiopathic skeletal hyperostosis (DISH), joint eburnation and dental injury in a fauna from Natural Trap Cave, Wyoming, represented by over thirty thousand bones from twenty-four different species. Erosive arthritis is limited to the bovids, Bison, Ovis and Bootherium. Erosive arthritis is also present in bison from the late Pleistocene Twelve Mile Creek site in Kansas and from an early Holocene site in Wisconsin. The restriction of the known Pleistocene occurrences to bovids indicate the presence of a pathogen that predisposes bovids to erosive arthritis. The pathogen was identified as Mvcobacterium tuberculosis. Osteoarthritis and DISH are rare in the Natural Trap Cave, although Bison shows a relatively high occurrence of the former. Tooth breakage due to errors in bone manipulation was a problem for carnivores and one lion, Pantera atrox, was apparently reduced by joint disease to a scavenging lifestyle.
